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Background: Femoral pseudoaneurysm (FPA) is one of the common complications of percutaneous catheterization procedures
performed via the femoral artery. The aim of this research was to evaluate factors associated with FPA of sufficient clinical
significance that they required surgical treatment after diagnostic or interventional cardiac catheterization.
Methods:We evaluated 41,322 transfemoral catheterization procedures performed in our center within 7 years. Among all
procedures, 630 FPAs developed that required surgical repair. Eighty-five cases were managed by compression with
duplex guidance. As a case-control group, 1260 patients were selected from the patients who had been catheterized
during the same time period but did not develop FPA. Two controls were selected for each study patient, matched
according to age, sex, and catheterization day. Body mass index, hypertension, diabetes mellitus, catheter diameter,
coronary artery disease, atherosclerosis, and number of cases performed per day in a particular roomwere evaluated as risk
factors by using multivariate techniques.
Results: Femoral pseudoaneurysm required operative repair in 1.1% (n  398) of patients who underwent cardiac
catheterization for diagnostic purposes and in 4.7% (n 232) of patients after cardiac interventional procedures. Factors
found to be independently predictive of FPA were hypertension (P .011; odds ratio, 1.52), diabetes mellitus (P .035;
odds ratio, 1.11), coronary artery disease (P  .022; odds ratio, 1.21), larger (>28 kg/m2) body mass index (P < .001;
odds ratio, 2.21), larger number of cases (>18) performed per day in a particular room (P< .001; odds ratio, 2.39), and
larger (>7F) catheter diameter (P < .001; odds ratio, 2.82).
Conclusions: Due to the development of technology and experience, more and more diagnostic and interventional
catheterization procedures are performed on a daily basis. In our study, a high volume of cases in a particular room and
use of large catheters were important risk factors for FPA complications. When these situations are combined with other
risk factors (such as obesity, diabetes mellitus, hypertension, and arteriosclerosis), giving particular attention to local
compression therapy would be more crucial to decrease the FPA rate. ( J Vasc Surg 2006;43:520-4.)An iatrogenic pseudoaneurysm forms when an arterial
puncture site fails to seal, thus allowing arterial blood to
ooze into the surrounding tissues and form a pulsatile
hematoma. Whereas a true femoral aneurysm involves all
layers of the vessel wall, a false femoral artery aneurysm
(pseudoaneurysm) develops from a defect in the arterial
wall that begins with extravasations of blood into the
adjacent extravascular space that mature into an aneurysm-
like hematoma.1Vascular complications at the puncture site
are an ongoing hazard of percutaneous coronary and pe-
ripheral vascular catheterizations. Although many compli-
cations remain minor and can be corrected conservatively
or with minimal surgery with the patient under local anes-
thesia, these treatments extend the length of hospitaliza-
tion, increase the cost of the underlying catheter procedure,
and increase patient discomfort. The common femoral
artery is the primary access site for invasive cardiac and
peripheral vascular studies and is considered by many an-
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520giographers to be ideal because of its relatively large size
and compressibility.
Puncture of the femoral artery is ideally performed at
the level of the common femoral artery. If the puncture is
too proximal, then the external iliac artery may be entered,
and this increases the risk of retroperitoneal hemorrhage; if
the puncture is too distal, either the profound femoral
artery or the superficial femoral artery might be punctured,
with risk of local complications such as vessel laceration,
pseudoaneurysm, arteriovenous fistula, thrombosis, or ex-
cessive bleeding.2,3
The femoral artery has been the initial access site choice
nearly for all intra-arterial procedures unless contraindi-
cated because of aneurysm of the femoral artery. With the
advancement of technology in intravascular catheters and
the increased experience of physicians, the number of an-
giographic and interventional procedures has increased
progressively. However, local vascular complications of
percutaneous procedures, such as bleeding, vessel throm-
bosis, emboli, dissection, and arteriovenous fistulas, present
significant clinical problems after catheterization proce-
dures. Femoral pseudoaneurysm (FPA) constitutes the
most common of these complications, with a reported
incidence of 0.2% to 2%.4 We reviewed our experience to
determine the clinical factors associated with the develop-
ment of FPA after cardiac catheterization.
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Between January 1, 1997, and December 31, 2003,
36,218 diagnostic and 5104 interventional catheterization
procedures (total, n  41,322) for cardiac disease were
performed via the femoral artery in our center, and 630 of
these patients required surgical repair for FPA formation
(Table I). During this time, 85 of the small FPA cases could
be managed by compression therapy with duplex guidance.
These nonsurgical cases were not included in the study.
Thrombin injection was not used for any case. As a case-
control group, 1260 patients were selected from the pa-
tients who had been catheterized in our institute during the
same time. Two control patients were selected for each FPA
case. The study and control patients have been matched
according to age, sex, and catheterization day. Body mass
index (BMI), hypertension (HT), diabetes mellitus (DM),
coronary artery disease (CAD), catheter diameter, athero-
sclerosis, and the number of cases performed per day in a
particular room were evaluated retrospectively as risk fac-
tors. BMI was calculated by using this formula:
BMI kg ⁄ m2 weight ⁄ height2
The procedures were performed by 30 different cardi-
ologists, who performed 250 to 300 cases per year, at 4
catheterization laboratories in our center. Catheter diame-
ters ranged from 6F to 8F. A 6F introducer was used for
each patient undergoing diagnostic catheterization, and a
7F introducer was used for most interventional catheteriza-
tions. In a very limited number of interventional cases, an
8F introducer was chosen.
For definite diagnosis and location of the neck, size,
and depth of the FPA, a complete vascular examination was
performed by color-flow duplex ultrasonography (ATL
3500;HDI,Milwaukee,Wis) by using a linear probe (5-7.5
MHz). Color-flowDoppler was used to determine the flow
into the FPA and was also used for determination of occlu-
sions by detecting the diminishment of the color satura-
tions. The volume of the FPAwas calculated by the formula
FPA (width length height) 0.52
All dimensions were measured from the outermost border of
the FPA neck. Neck size and length were also determined.
FPAs 5 cm2 or smaller and neck length 8 mm or longer
underwent duplex ultrasound-guided compression (n 85),
Table I. Number of cases versus number of FPAs
Variable
Year
1997 1998 1999 2000 2001 2002 2003
No. coronary
angiographies 3618 3815 4418 5055 5283 6818 7211
No. interventional
catheterizations 612 587 662 732 751 839 921
No. FPAs 76 72 81 93 96 101 111
FPA, Femoral pseudoaneurysm.and all others underwent surgical repair (n 630).For the diagnostic angiography procedures, we did not
use any anticoagulant or antiplatelet agents. For interven-
tional procedures, heparin 10,000 U by intravenous bolus
was used, followed by 5000 U/h to keep the activating
clotting time between 250 and 300 seconds. In the last 2
years, we started to use clopidogrel 300 mg (Plavix;
Bristol-Myers Squibb, New York, NY) as a single dose 6
hours before the procedures and continued clopidogrel 75
mg/d after the procedures.
In diagnostic catheterization procedures, our rou-
tine postprocedure hemostasis protocol is manual com-
pression for approximately 20 minutes and thereafter
mechanical compression by sandbag for approximately 2
hours. Patients are kept on bed rest for approximately 6
hours. Cardiology residents or physician assistants per-
form this compression. All patients who undergo diag-
nostic procedure are hospitalized for 6 to 8 hours after
the procedure. In interventional catheterization proce-
dures, we stabilize the introducer by suturing it to the
skin for 6 hours, after which we remove the introducer
and then apply the same compression as for diagnostic
catheterization. All patients who undergo interventional
catheterization are observed for at least one night in the
hospital.
Surgical procedure. Inclusion criteria for surgical
therapy of FPA were rapid expansion of the site of puncture
at the groin area, increased skin pressure (tenderness),
marked pain, hypotension, pulsatile hematoma, a new thrill
or bruit, concomitant distal ischemia or neurologic deficit
due to local pressure, and a short, noncompressible neck
(8 mm) on Doppler ultrasonography. An FPA volume of
more than 5 cm2 in other patients who did not fulfill these
criteria was treated conservatively. Eighty-five patients who
had a compressible neck and a mass volume of 5 cm2 or less
were managed conservatively without operation. No throm-
bin injection therapy was performed during this period at our
institution because it was not available. Local, regional, or
general anesthesia was performed according to general con-
dition of the patient and the size of the FPA. After explo-
ration of the femoral arteries, the proximal and distal site of
the FPA were clamped, and the aneurysm wall was incised.
In case of disruption of the arterial wall, the saphenous or
prosthetic graft was interposed to maintain arterial conti-
nuity; otherwise, a primary suture technique was per-
formed. When pulses disappeared at the distal points of the
extremity, embolectomy was performed.
Statistical analysis. Statistical analyses were perfor-
med by using SPSS 11 software (SPSS Inc, Chicago, Ill).
Data were analyzed with the Pearson test for numeric
variables and the Spearman test for nonparametric vari-
ables. Stepwise backward logistic multivariate regression
analysis was applied to analyze associations between risk
factors and FPA formation. Age and sex were added to
these parameters to check for good matching. All values
were expressed asmean SD. P .05 was considered to be
statistically significant.
pseud
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Age and sex werematched in both groups (61.6 11.2
years and 33.6% female in the study group vs 61.6  10.8
years and 33.4% female in the control group). The mean
procedure times (interval between sheath insertion and the
end of the procedure) for diagnostic angiography and
interventional catheterization were 16  6 minutes and
37 12 minutes, respectively. Two patients with FPA died
during operation and during the early hospitalization pe-
riod. In both cases, FPA was repaired concomitant with
coronary artery bypass grafting surgery. The time from the
puncture of the femoral artery to FPA diagnosis was 2.1 
0.7 days. During FPA repair, 72 patients underwent con-
comitant femoral embolectomy, and in 83 patients FPA
was repaired during coronary artery bypass grafting. Our
FPA incidence that required surgical repair was 1.1% in
diagnostic procedures and 4.7% in interventional proce-
dures. Our overall FPA rate was 1.5%. If FPAs that were
treated by duplex-guided compression were included, the
rate would be 1.7%.
For both the control and study groups, multivariate
associations of FPA parameters are presented in Table II.
The following risk factors were independently associated
with FPA: HT (P .011; odds ratio, 1.52; 95% confidence
interval [CI], 1.03-1.90), DM (P .039; odds ratio, 1.11;
95%CI, 1.06-1.25), CAD (P .022; odds ratio, 1.21; 95%
CI, 1.05-1.22), BMI (P  .001), catheter diameter (P 
.001), and number of cases performed per day in a partic-
ular room (P .001). The correlation coefficients of these
parameters with FPA were as follows: larger catheter diam-
eter, r  0.328; larger BMI, r  0.522; DM, r  0.385;
more cases performed per day in a particular room, r 
0.472; andHT, r 0.412. Regression analysis revealed the
following factors: catheter number, BMI, DM, number of
cases performed per day in a particular room, and HT.
Further statistical analyses were performed for numeric risk
factors. BMI of 28 kg/m2 or above (P  .001; odds ratio,
2.21; 95% CI, 1.05-4.51), more than 17 cases daily in a
particular room (P  .001; odds ratio, 2.39; 95% CI,
1.35-4.21), and use of a 7F or a larger sheath (P  .001;
odds ratio, 2.82; 95% CI, 1.51-5.25) were associated with
Table II. The characteristics of groups and associations w
Variable Study group (n  630) Contr
BMI (kg/m2) 28.69  3.33
Daily cases in a particular room 18.1  2.8
6F catheter 390 (61.9%)
CAD 410 (65.0%)
DM 280 (44.4%)
HT 390 (61.9%)
BMI, Body mass index; CAD, coronary artery disease; DM, diabetes mellitu
Data are mean  SD or n (%).
*P value for group comparison.
†The r correlation coefficient and P value for association of parameters withmore FPA complications.DISCUSSION
Iatrogenic FPA results from failed hemostasis at the site
of catheter insertion and occurs in 0.7% of diagnostic and
3.5% to 7% of interventional catheterizations. The vascular
complication rate increases to 7%, and FPA formation is the
most frequently encountered complication.4 The incidence
of FPA has increased dramatically in recent years and is
estimated at 0.5% for diagnostic procedures; it may increase
to 9% or more for therapeutic procedures. This increasing
incidence is associated with the increased number of arterial
punctures performed for diagnostic or therapeutic pur-
poses and with their complexity and duration.
Clinical discrimination among FPA, hematoma, and
arteriovenous fistula may be difficult because of a pulsatile
mass in the region. To confirm diagnosis, angiography may
be used, but because of the opaque burden and risk of
secondary puncture of a femoral artery, this diagnostic
procedure is usually postponed. Therefore, color-flow
Doppler ultrasonography is the mainstay of differential
diagnosis.5 A systolic flow inside the echolucent mass and a
diastolic flow out from themass (a typical to-and-froDopp-
ler waveform) are distinctive features of pseudoaneurysms.
This Doppler flow phenomenon is equivalent to angio-
graphic systolic jet and diastolic washout appearance. The
sensitivity and specificity of the Doppler technique to diag-
nose FPA are 94% and 97%, respectively.6
Besides surgical therapy of FPA, ultrasound-guided
compression repair and minimally invasive percutaneous
treatments (intracavitary thrombin injection, coil emboli-
zation, and insertion of covered stents) have been used.7-10
In our center, we started to use thrombin injection after
January 2004, and we performed thrombin injection for
only 22 eligible patients.
Prevention of FPA is based on an atraumatic arterial
puncture, good compression therapy after removal of the
vascular sheath, and use of percutaneous arterial closure
devices. Compression therapy should be performed after a
transient interruption of anticoagulant treatment, if al-
lowed by clinical context. If compression therapy fails,
percutaneous injection of thrombin is effective and is asso-
moral pseudoaneurysm formation
oup (n  1260) P value* r† P value† Odds ratio
5  3.12 .001 0.522 .038 2.220 (28)
1  2.5 .001 0.472 .011 1.852 (18)
8 (68.1%) .001 0.328 .001 5.132 (7)
2 (56.5%) .022 0.365 .051 1.025
3 (35.9%) .039 0.385 .142 1.125
2 (56.5%) .011 0.412 .058 1.825
, hypertension.
oaneurysm development.ith fe
ol gr
24.8
16.
85
71
45
71
s; HTciated with a low complication rate.6
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It has been reported that anticoagulation or antiplatelet
therapy before catheterization speeds pseudoaneurysm for-
mation.2 Other risk factors for the development of FPA are
age older than 60 years, female sex, catheter size greater
than 7F, and concurrent anticoagulation.11
Zahn et al12 found that pseudoaneurysm formation
incidence may be lower with 5F catheters. If the catheter
diameter is small, the pseudoaneurysm incidence can be
lower. They also found that pseudoaneurysm incidence is
higher with interventional catheterization. Arterial compli-
cations are seen more commonly after therapeutic proce-
dures than after diagnostic procedures, especially when
procedures include the insertion of intravascular devices
such as stents. The diameter of the device being inserted is
the major risk factor related to arteriographic complica-
tions. Technique-related factors include introducer size,
through-and-through arterial puncture, and puncture or
laceration of the circumflex or deep femoral branches that
cannot be adequately compressed after the procedure.12
The reasons for the high FPA incidence in interven-
tional catheterization procedures are the high rate of emer-
gency procedures, large-diameter catheters used during
procedure, diathesis of atherosclerosis, and long procedure
times.3,13,14 In our study, we preferred to analyze sheath
sizes instead of procedure types because, in some diagnostic
catheterization cases, a larger sheath size might be used for
specific patients. For FPA formation, sheath size itself is
more critical than the purpose of the procedure.
Pseudoaneurysms should be repaired because of the
diathesis of rupture and thromboembolism. The surgical
procedure includes primary repair of the puncture site.
Previous reports have suggested an intimate relation be-
tween FPA formation and age, DM, HT, and catheter
diameter.15
In the literature, it has been reported that patient
weight is associated with pseudoaneurysms.16 We used
BMI17 instead of weight only, and we found a statistically
significant association. In previous reports, a statistically
significant relationship was demonstrated between FPA
and peripheral arterial disease.18 We also demonstrated a
relation between CAD and FPA. The incidence of FPA was
4.8% in emergency procedures and 1.55% in nonemergent
cases. In longer procedure times, several attempts at cath-
eterization were performed, thus traumatizing the femoral
artery and increasing the risk of FPA.
We have also demonstrated that FPA has an association
with the number of cases performed per day in a particular
room. The number of cases performed per day in a partic-
ular room was approximately 18.1 2.8 (range, 11-23) in
the same suite during the study period, but it was approx-
imately 15.9  2.9 (range, 12-20) cases during a regular
period. As the number of cases performed per day in a room
increases, it is expected that the compression time will
decrease. That seems to be an important factor for FPA
formation. We did not find any study reporting this corre-
lation in the literature (P  .001; r  0.472).Although the manual compression period was assumed
as 20 minutes, this time greatly depended on the interval
between two procedures. Because usually two residents or
physician assistants were ready for patient follow-up and
organization, this time could be shorter if the interval
decreased. We suggest that the significant association be-
tween an excessive number of cases performed per day in a
particular room and FPA development is related to insuffi-
cient compression therapy. It has been shown that FPA has
become more significant as a result of the exponential
growth of interventional cardiology.10 Therefore, one can
assume that with a high number of cases in a suite, there
would be a shorter compression time because of the rush of
residents/physician assistants, and this short compression
time might increase the risk of FPA complications.
We believe that applying more meticulous compression
for patients with risk factors might significantly decrease
FPA. Therefore, we suggest that proper and optimal local
compression should be crucial in day-to-day practice for
busy interventionists, whatever the cost. To show the im-
portance of compression for decreasing FPA complications,
further controlled studies should be initiated.
We thank Sukru Aras for his valuable contributions to
the statistical analysis.
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